IN PRACTICE
A season is defined as a pattern in a health outcome or exposure that increases or decreases with some regularity. [10] Seasonality and climatic features in stroke cases have been extensively studied in Iran. [4] The seasonality of stroke cases and mortality has been extensively evaluated in many Western but few African countries. [11] Most studies have reported increased cases of stroke in winter, [11] [12] [13] [14] fewer noting a high proportion of cases in summer. [15] Precise information on stroke cases, seasonality, trends and risk factors from hospital-based data is needed to develop public health interventions such as awareness campaigns on risk factors and possible measures to reduce the burden of stroke. In SA, such studies are urgently needed to obtain this critical information.
Objectives
To the best of the authors' knowledge, there has been no published research on seasonal variations in cases of stroke in SA to date. The primary objectives of this study were to identify the seasonality and trend of stroke in SA and determine the associated risk factors for stroke, using data retrieved from randomly selected private and public hospitals between January 2014 and December 2017 inclusive.
Methods

Study design
A cross-sectional study design was used to explore the seasonality and trend of stroke cases in SA for January 2014 -December 2017. This was a descriptive epidemiological study in which the exposure and disease status of the population were determined at a given point. The study design chosen was aimed at obtaining immediate knowledge and information about the seasonal pattern of stroke cases. The study covered the years 2014 -2017 because SA hospitals keep patients' folders for only 3 years (plus the records for 2017 of the next 3-year cycle) in hospital storage rooms before sending them to outside storage.
Data collection
Data on suspected stroke patients aged ≥18 years were retrieved from randomly selected public and private hospitals (33% private and 67% public) in the nine provinces of SA, namely Eastern Cape, Free State, Gauteng, KwaZulu-Natal, Limpopo, Mpumalanga, Northern Cape, North West and Western Cape, between January 2014 and December 2017. Although most South Africans (~70%) use public hospitals, many of these institutions did not capture all the pertinent variables, while the private hospitals were doing so. The case managers for the sampled hospitals assisted with data retrieval. The total number of suspected strokes, including non-confirmed strokes, was 14 645. Stroke cases (N=7 538) were confirmed by computed tomography or magnetic resonance imaging.
Study variables
Dependent variable
The response variable was confirmed stroke, and it was coded 1 = yes and 0 = no.
Independent variables
The explanatory variables are shown in Table 1 . This table shows that the risk factors and demographic variables assessed are significantly associated with stroke.
Study setting
This study was carried out in SA (population ~57 million). SA comprises nine provinces. Table 2 shows the population estimates by province.
There are 407 public hospitals (67%) and 203 private hospitals (33%) in SA. Stratified random sampling was used to calculate the proportions accordingly, i.e. 33% of the 203 private hospitals and 67% of the 407 public hospitals were sampled for the study.
Ethical considerations
Permission to conduct this research was obtained from the provincial departments, from the individual hospitals and from the Committee for Research on Human Subjects of the University of South Africa (ref. no. 2017/SSR-ERC/001).
Statistical analysis
Various statistical techniques have been used to examine seasonal variations in disease occurrence, but we used a Poisson generalised linear model (GLM) for count time series data, since stroke cases are count data. GLMs are statistical models that provide a flexible approach in seasonality studies, allowing data to be fitted to numerous mathematical functions. [10] Simple logistic and Poisson regressions were used to explore the relationship of individual predictor variables with stroke cases. Finally, multivariate logistic regression analysis was used to identify the effect of several independent predictors on stroke cases.
Quantitative data analysis was done using R statistical software, version 3.4.3 (R Foundation for Statistical Computing). Descriptive statistics were computed to describe data characteristics of stroke cases. The R add-on packages 'season' and 'ts count' were used for fitting the Poisson GLM from which seasonality and trend analysis and Poisson regression were carried out. Both monthly time series and circular mean plots of monthly cases of stroke adjusted to a 30-day month were done. Simple logistic regression analysis was used to show how each predictor contributed to the total variability of stroke disease. Multivariate logistic regression analysis was used to identify the effect of several independent predictors of stroke.
Definition of season for the study
The four seasons were defined according to the SA meteorological reports as winter (June, July, August), spring (September, October, November), summer (December, January, February) and autumn (March, April, May). This study used these four defined seasons.
Results
Demographic characteristics of the suspected stroke patients are shown in Table 1 . A total of 14 645 suspected stroke patients were retrieved from the private and public hospitals for the period 2014 -2017, of whom 57.2% were female and 42.8% were male. The majority were married (67.5%), and very few were divorced (3.9%). A large proportion (69.6%) were white, 27.3% were Asians, 3.1% were black, and there were no Indians or coloureds. To address this data sparsity problem all the other races were compared against the white race. A large number of suspected stroke patients lived in urban areas (99.8%). The mean (standard deviation) age for the suspected stroke patients was 66.95 (19.48) years (Table 3) . Table 3 shows a range of age of 18 -98 years (98 -18 = 80), which is an indication of high variation (with a total of 14 645).
The largest number of confirmed stroke cases was recorded in 2017 (n=2 328) ( Table 4 ). Numbers of cases show an upward trend between the years 2014 and 2017, at 1 491, 1 778, 1 941 and 2 328, respectively. Table 5 shows that diabetes and heart problems were risk factors in larger numbers of cases of stroke than hypertension and raised cholesterol. These findings were similar to those of a recent study in Iran. [1] While we found the prevalence of diabetes to be high in white female stroke patients, hypertension was found to be the most common risk factor in black females. Table 5 indicates considerable monthly variation in risk factors, with high proportions of cases in patients with hypertension, diabetes and heart problems in the winter months, in accordance with the findings of Bahonar et al. [1] and Wang et al. [11] In contrast, there were few stroke patients with these risk factors in the month of November. 
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Analysis of monthly seasonal patterns
Monthly numbers of confirmed stroke cases in adults aged ≥18 years in SA for the years 2014 -2017 are shown in Fig. 1 . A general upward trend is evident, as well as regular peaks suggesting inherent seasonality. The results of a formal test for seasonality are shown in Table 6 , which shows the size of the seasonal change (amplitude) and the seasonality of the highest peak and the lowest dip. This corresponds to an approximate seasonal change of 120 cases, the highest seasonal peak occurring in mid-winter (approximately midway between July and August) and the lowest dip in mid-summer (approximately midway between December and January). A circular plot of mean monthly cases of stroke adjusted to a common month length of 30 days [10] is shown in Fig. 2 . The highest and lowest monthly mean rates correspond to June and January, respectively. These results are consistent with those of other studies [14, 11] showing seasonal variation in stroke cases, with a higher rate in winter and a lower rate in summer. In the literature, most studies indicate stroke cases to be at their peak in winter, followed by spring.
To investigate whether the mean ratios of all the other months to the lowest reference month of January were statistically different from zero, a Poisson GLM was fitted. The results are shown in Table 7 . All the mean ratios are statistically different from 1 as shown by their 95% confidence intervals (CIs), which exclude 1 (p<0.05), except for the two months of April and November. Note that the highest mean rate of stroke cases in June is ~3.69 times the lowest one in January.
The results shown in Table 7 are displayed graphically in Fig. 3 , which clearly shows that all the mean ratios do not cross 1, the January level, except for the two months of April and November, confirming the interpretation given for the results in Table 7 .
Non-stationary seasonality model
Finally, to check for changing (non-stationary) seasonality, an appropriate model was employed. The prior model assumed that the rate of stroke cases varied arbitrarily in each month, with no Fig. 3 . Mean rate ratios and 95% confidence intervals of suspected stroke cases, using December as reference month.
IN PRACTICE
smooth correlation between neighbouring months. The non-stationary seasonality model, which assumes the opposite, gave insignificant results. The insignificance of the non-stationary seasonality model confirms the stationary seasonality model as appropriate with a seasonal change variation of ~5 monthly stroke cases. However, the trend is gradually increasing. The results are displayed graphically in Fig. 4 .
Having established the seasonal and trend patterns, we will focus on the predictors of stroke cases in the next section.
Modelling the conditional mean of stroke cases
The Poisson and negative binomial GLM analysis were considered in modelling stroke cases with risk factors as predictors, since the data are counts of stroke cases. The latter model caters for possible over-dispersion often inherent in data. In the GLM we include the linear trend and seasonality parameters to cater for both phenomena already confirmed above. Also, a first-order autoregressive parameter was included to cater for autocorrelation. Table 8 shows the estimated Poisson GLM regression coefficients for the fitted model. This output presents first-order autocorrelation (β 1 ), seasonality (β 13 ), linear trend, hypertension, cholesterol, heart problems and diabetes as significant predictors of stroke (as all the confidence intervals do not include 0), except for cholesterol, which is marginally insignificant. The coefficient β 1 corresponds to regression on the previous observation, i.e. a first-order autocorrelation, and the coefficient β 13 captures seasonality, the unobserved conditional mean 13 time units (which is ~1 year) back in time. The predictor coefficients and their respective 95% CIs are: β 1 (95% CI 0.0725 -0.1453), β 13 (95% CI -0.1440 --0.0666), linear trend (95% CI 0.0804 -0.1415), hypertension (95% CI -0.0008 --0.0001), cholesterol (95% CI -5.21 × 10 -6 -0.0007), heart problems (95% CI 0.0019 -0.0027) and diabetes (95% CI 0.0039 -0.0048). Note that all statistically significant predictors have CIs on the positive side of the real number line, resulting in increases in stroke cases, except for hypertension.
The estimated over-dispersion coefficient σ 2 of 0.0994 from the negative binomialbased GLM is small (close to zero), indicating Fig. 4 . Estimated trend and stationary seasonal pattern in stroke cases.
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that there is no over-dispersion. There is therefore no need to consider this model. This study indicates that with regard to modifiable risk factors, individuals with heart problems were 8.86 times more likely to suffer from stroke than those without heart problems, while those with diabetes were 14.53 times more likely to suffer from stroke than those without diabetes. With regard to demographic factors, females were 18.23 times likely to suffer from stroke than males, and patients in the age groups 59 -77 years and 78 -98 years were 1.37 times and 1.25 times likely, respectively, to suffer from stroke than those in the age group 18 -39 years.
Bivariate models
In terms of the statistical significance of the prevalence ratios, the proportions of stroke cases as measured by Poisson regression analysis are in agreement with logistic regression results for the same respective risk factors.
Multiple logistic regression analysis
Multiple logistic regression analysis was carried out to investigate the relationship between stroke cases and the set of seven predictors simultaneously. The predictors were gender, age, hypertension, cholesterol, heart problems, diabetes and race. Table  10 shows that the predictors associated with comparatively reduced stroke cases were gender (OR 0.83; 95% CI 0.75 -0.93; p=0.001), hypertension (OR 0.23; 95% CI 0.21 -0.28; p<0.0001), heart problems (OR 0.07; 95% CI 0.06 -0.08; p<0.0001), 
Discussion
The present study investigated the trend and monthly seasonal variations in stroke cases in SA, as well as their potential predictors. A total of 14 645 suspected stroke cases were retrieved from the hospital databases, of which 7 538 (51.5%) were confirmed. The study showed a significant trend, first-order autocorrelation and seasonality in stroke cases. The rate of stroke cases was highest in winter, followed by spring, summer and lastly autumn. The winter month with the peak number of cases of stroke was June, and the peak spring month was September. These findings are consistent with a study by Raj et al. [15] Few studies have demonstrated no significant seasonal variations in stroke cases or identified summer as the season with most cases of stroke. [1, 4, 17] Similar results to ours, showing high rates of stroke in winter and spring, were obtained in Poland and Hungary. [18] The above finding also corresponds with our results and those of Moinuddin et al. [19] Stroke, like any other non-communicable disease, has a complex, multifactorial aetiology. [20] The roles of non-modifiable factors such as age, sex and race have been pointed out in several studies, whereas smoking, drinking alcohol, physical inactivity and diet can be modified to reduce the risk of stroke significantly. The predisposition to stroke in winter appears to be multifactorial, with increased serum concentrations of plasma fibrinogen and total cholesterol reported by Gordon et al. [21] A study in Belgium found an increase in cases of stroke in the late autumn and winter owing to the effect of low temperatures on blood pressure. [22] Cholesterol levels have been found to be higher in winter than in summer. [23] In contrast, Shigematsu et al. [24] found that elevated blood pressure was due to stress, and that type 2 diabetes mellitus and age were the most common risk factors for stroke. Similarly, our results showed that 42.7% of stroke patients had high cholesterol levels, 86.9% had diabetes and 75.7% had heart problems. While hypertension, raised cholesterol and diabetes have frequently been reported as lifestyle risk factors for stroke, age and gender have been identified as common non-modifiable risk factors. [23] In a 5-year study, Wang et al. [11] consistently found half of their stroke patients to be in the age group 60 -69 years, with fewer cases at younger ages (20 -44 years) . Similarly, a study in Korea found that high proportions of ischaemic stroke occurred in older age groups [13] and that the prevalence of cases in the age group 18 -39 years was insignificant. Studies in other countries have had similar findings. [4, 11, 15] The biological reasons for the increased occurrence of stroke cases in winter have not yet been ascertained, but several mechanisms may be proposed. It is well known that blood pressure varies according to season, with higher levels in winter, possibly due to cold-induced peripheral blood vessel constriction, [22] and increased blood pressure and raised cholesterol have been suggested as major reasons for the increase in stroke cases in winter. [16, 20] Since the real mechanisms underlying the variation in risk factors for stroke are unclear, further studies are needed to better understand this issue. Such studies may help in developing preventive campaigns. Conflicting evidence has been reported on the association between risk factors and stroke cases. Although some evidence exists for higher numbers of stroke cases in winter due to raised cholesterol, hypertension and diabetes, others have failed to detect any modifiable risk factors. The present study supports studies that showed an increase in stroke cases in winter and spring. [19, 20] 
Study limitations
A large proportion of the data used in this study were retrieved from the databases of the private hospitals, as the public hospitals were not capturing all the pertinent variables. However, most South Africans (70%) use public hospitals. This shortcoming was addressed by a use of a stratified probability sampling technique to calculate the proportions accordingly. This study randomly selected 33% of the 203 private hospitals in all nine provinces of SA, while 67% of the 407 public hospitals were randomly selected across the provinces. The proportions were calculated based on the total number of public and private hospitals in SA.
Conclusions
In summary, gender, age, race, diabetes and heart problems were found to be significant risk factors for stroke in the present study. Diabetes and heart problems are modifiable risk factors, while gender, race and age are not. Modifiable risk factors can be managed by avoiding excessive weight gain, reducing salt and sugar intake and exercising regularly.
The study findings call for programmes and policies to curb unhealthy lifestyles and promote physical activity and healthy nutrition, starting in childhood. We recommend that wellness centres be set up at schools, tertiary institutions and workplaces and in communities, where people can be tested regularly for hypertension, raised cholesterol and diabetes. Health professionals should raise awareness of the dangers of these risk factors. In addition, the tax on cigarettes, alcohol and unhealthy foods could be increased in an effort to discourage their consumption.
We found that there was a distinct seasonal variation in cases of stroke, with a higher prevalence during winter and spring. Monthly variation in stroke was most prominent in women, individuals with raised cholesterol, and the younger age group. The risk factors of raised cholesterol, hypertension and diabetes were associated with more cases in June, July and August than in the summer months. However, the biological mechanisms underlying these increases remain unclear. Further studies based on our findings are needed to enhance understanding of stroke and its association with gender, hypertension, cholesterol and age. A holistic approach to arresting the increasing trend of stroke should take into account both seasonality and the associated risk factors.
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